Introduction
It is an interesting task to search for specific rules of assem bling simple organic m olecules by m ultiple hydrogen bonding to form organic solid state systems [1] . This may lead to an advanced crystal engineering of novel organic chem istry based m aterials [2] and could possibly open new ways to designing organic catalyst system s [3] . In this context we have investigated the solid state structural chem istry of a variety of 6,6-disubstitu ted 6-hydroxy-/rarts-3-hexenoic acids [4] . These are systems th at contain two functional groups of hydrogen bonding potential th at are strictly sep a rated from each oth er by the rigid tran s-alken e spacer. T herefore, such m onom eric building blocks assem ble interm olecularly by form ing re petitive -0 -H / H 0 2C-hydrogen bond linkages w hen crystallized [5] . It has tu rn ed out th at the specific supram olecular structural type is very sen sitively d ep en d en t on the n atu re of the su b stitu ents at the 6-position of the hydroxyhexenoic acid chain. C hoosing the right substitution p attern thus allows for an easy way to control the overall p ro p erties of the structural assem blies derived from these organic m olecules in the solid state.
A s a typical exam ple, the 5-(l-hydroxy-cyclopentyl)-and -(3-cyclopentenyl)-fra/is-3-pentenoic acids la -lc all form ribbon-like assem blies in the * Reprint req uests to Prof. Dr. G. Erker. solid state, exhibiting cyclic 12-m em bered ring a r rays of alternating -0 H / -C 0 2H /-0 H /-C 0 2H func tional groups (see Schem e 1) [4, 6] . We have now found th at small specific alterations of the cyclic substituents at the end of the hydroxycarboxylic acid chain are sufficient to change this cyclic p a tte rn of hydrogen bonds to two different types of related linear ( -0 H /-C 0 2H)" assemblies. For each of these two structural p atterns a specific ex am ple is presen ted and depicted in this article.
Schem e 1.

Results and Discussion
The specific exam ples looked at in this study are the e-hydroxy-/?,y-unsaturated carboxylic acids 2a and 2b. B oth w ere p rep ared by m eans of an organom etallic tem plate reaction in the course of which a keto n e (here cyclohexanone or 2-inda-0932-0776/96/1100-1649 $06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. D none, respectively) w ere C C -coupled with b u tad i ene and a C 0 2-equivalent at the bis(cyclopentadienyl)zirconium unit [4, 7] . For this purpose (butadiene)zirconocene (3) [8] was tre a te d with hexacarbonyltungsten to give 4 which then in turn was reacted with cyclohexanone to give the ninem em bered m etallacycle 5, isolated in 95% yield. Subsequently, pyridine-N -oxide was added, then w ater. C onventional w orkup of the reaction m ix ture furnished 5-(l-hydroxycyclohexyl)-rr<ms'-3-pentenoic acid (2a) in 59% yield. 5-(2-H ydroxy-2-in d a n y l^ra n s-S -p e n te n o ic acid (2b) was obtained analogously from coupling 2-indanone w ith (butadiene)zirconocene and W (C O )6, follow ed by oxi dative hydrolysis, as was recently described by us in the literatu re [4] (see Schem e 2).
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template-synthesis
Schem e 2.
Single crystals of 2a w ere o b tain ed from pentane. The X -ray crystal structure analysis of 2a confirm s the presence of a trans-configurated CCdouble bond (C3-C4 1.326(9) Ä ). The hydroxy group is located at C6. In the crystal it occupies an equatorial position at the cyclohexyl chair. It is the interm olecular assem bly of the 2a m onom ers in the solid state that m akes this hydroxycarboxy lic acid so rem arkable. A schem atic view of the regular orientation of m onom eric building blocks to form this assem bly is depicted in Fig. 1 .
It can be seen that this assem bly has led to an organized structure that exhibits staples of cyclo hexyl ring systems. A lso the p entenoic acid side chains have becom e orien ted in a nicely parallel arrangem ent. The m onom eric units of 2a are held to g eth er in this structural orientation by strong in term olecular hydrogen bonds. The hydrogen bond p a tte rn shows a strict alternation of the alcohol -O H functions and the -C 0 2H groups. The specific hydrogen bonding p a ttern can best be visualized by form ally constructing a pathw ay th at leads the view er through the structure as it is depicted in Fig Fig. 1 ), whose carboxyclic -O H then binds to the cyclohexyl -O H of m olecule A' (located n o rth west); then this p attern is continued infinitely in a sym m etry equivalent m anner. 2a thus form s a heli-cal suprastru ctu re in the crystal. In this case the chiral organization results in a spontaneous reso lu tion of the (2a)" arrays (acentric space group P 2j2 j2 1); thus only one helical arrangem ent (M ) is o bserved in the investigated crystal (see Fig. 1 ).
The hydroxyhexenoic acid 2b also form s an o r ganized structure in the solid state w here the interm olecular array of hydrogen bonds leads to an in finitely extended suprastructure. A gain, there is a strict altern atio n of -O H and -C 0 2H functional groups linked together. H ow ever, in 2b this leads to a very different overall structural type as com pared to 2a (and also very different from 1). The -0 H / -C 0 2H /-0 H /-C 0 2H -linkage is arranged in a pair of alm ost coplanar subunits, which are in terlinked by covalent hydrocarbyl bridges of the hexenoic acid fram ew orks. This bonding situation is illustrated in Fig. 2 Fig. 3 shows that this special pattern of interm olecular hydrogen bond interlinkages results in the form ation of a channel type structure. The indivi dual channels are form ed by the cross-linking of the substituted 6-hydroxy-rraA?s-3-hexenoic acid units. Each channel is com posed of two sides of sym m etry equivalent infinite -C 0 2H /-0 H chains th at are orien ted parallel to each other. The top and bottom of the channels is then m ade up of the hydrocarbyl fram ew orks of the m olecular 2b entities. In this arran g em en t the 2-indanyl m oie ties are orien ted away from the central channel structures and orien ted parallel to the hydrocarbyl top and b o tto m sections of the channels. This leads to the form ation of individual channel structures th at are all orien ted parallel to each o th er to m ake up the overall crystal structure. In this arran g e m ent the an n ulated arene groups of the indanyl side groups becom e orien ted in close to parallel pairwise stacks as is seen in Fig. 3 .
For a com parison, we have also carried out the X -ray crystal structure analysis of 6,6-diphenyl-6-hydroxy-fra«s-3-hexenoic acid 2c. This com pound had been p rep ared previously by a tem plate syn thesis, analogously as depicted in Scheme 2, sta rt ing from benzophenone. In this case the alcoholic -O H group is nicely tugged in a hydrocarbyl niche, m ade up by the bulky phenyl substituents and the h ydrocarbon chain. This sterical shielding prevents the 6-O H group from becom ing involved in the hydrogen bonding p attern . Consequently, com p ound 2c only exhibits the norm al carboxylic acid dim er structure [9] , This study shows th at the actually assem bled supram olecular structure of the differently substi tu ted 6-hydroxy-/ra/«-3-hexenoic acids 2 depends very m uch on the substituent p attern that was cho sen. It will be investigated w hether the different types of supram olecular structural assem blies will exhibit different characteristic physical properties [10] th at m any eventually lead to the design of novel organic solid state m aterials.
Experimental Section
The synthesis of 2b and 2c had previously been described by us [4,7b] . Single crystals for the X-ray crystal structure d eterm ination were obtained from pen tan e at +4°C (2b) or toluene at am bient tem p e ra tu re (2c). For additional general inform a 14.6 g (30. 1 m m ol) of 5 in 300 ml of THF, then 0.73 ml of w ater was added. The m ixture was stirred for 2.5h at room tem perature, then an additional 2 ml portion of w ater was added and the solvent re m oved in vacuo. The residue was suspended in 500 ml of eth e r and the product extracted with satu rated aqueous potassium carbonate solution (4 x 70 ml). The com bined aqueous extracts were w ashed with eth er (3 x 70 ml) and then acidified with conc. aqueous HC1 to pH 1. The product was extracted with e th er (5 x 100 ml), the com bined organic phases w ere w ashed with brine (3 x 10 ml) and w ater (3 x 10 ml) and dried over m agnesium sulfate. The solvent was then rem oved in vacuo to yield 2a as an oil (2.34 g, 59% ) , that was solified in p entane at -30°C, m.p. 26°C. *H N M R (CDC13, 200 M Hz) : (3 6.4 (br. s Analysis for C n H l80 3 (198. 3) Calcd C 66.64 H 9.15%, Found C 66.72 H 9.17%. 
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